neonatal thymectomy. It was large enough to allow sufficient space for breeding and housing the experimental mice. The design was based on a type currently in use at Allington Farm, Porton Down. An outline plan of the isolator, with overall dimensions, is given in Fig. 1 . The main chamber is constructed of folded and welded 10 gauge (3 mm) aluminium sheet and is mounted on a trolley made from slotted angle-iron. The upper part of the sides slope inwards to give better access to the inside of the chamber when using the attached gauntlets. The top viewing panel is made of 0.25 in (6 mm) toughened plate glass, framed and fixed to the surrounding metal with a rubber strip ('Clayton Rite Strip', Howard Clayton Wright Ltd., Wellsborne, Warwick) . The outside edges of this strip are covered with a thin coating of self-vulcanizing rubber, as an additional precaution against the possibility of undetected leaks.
A large germicidal dunk tank of welded construction passes through one end of the isolator, with a baffle plate so arranged that when the dunk tank is filled with germicide the bottom is 2 in (5 cm) below its surface, thus forming an airtight barrier between the inside and the outside of the isolator. Each at SAGE Publications on June 21, 2016 lan.sagepub.com Downloaded from side of the dunk tank is fitted with a lid. The outer lid has a flange at one side which is used to fix the lid, when it is removed, to the side of the tank and so reduce the risk of contamination. The inner lid is hinged to the dunk tank and is mechanically linked to an actuating handle on the outside of the tank. On the under surface of this lid a metal grid is fitted to ensure that buoyant objects are kept completely submerged in the germicidal fluid.
At the end of the isolator opposite to the dunk tank is an entry port formed by an 8 in (20 cm) stainless-steel sleeve (Fig. 2) . At the top and bottom of the sleeve and on its external aspect are hollow tubes for flooding the port with germicide. The sleeve is welded to a flange plate which is bolted to the isolator through interposed rubber gaskets. This port is closed on the inside by the insertion of a standard 8 in (20 cm) Atomic Energy-type bakelite bung (E. Elliott, 315 Summer Lane, Birmingham) with a rubber ring seal.
There are three standard 6 in (15 cm) Atomic Energy-type bakelite glove ports on each side of the isolator to which are attached ambidextrous neoprene gauntlets 28 in (0.7 m) long, thus providing access to all parts of the isolator. Each glove port is screwed to a separate backing plate through rubber gaskets. The two gauntlets for operative procedures have a thickness of 0.015-0.020 in (0.38-0.51 mm). The other four gauntlets, which are used for routine maintenance procedures, are 0.025-0.030 in (0.64-0.76 mm) thick. All the gauntlets are attached to the ports by placing the cuff bead on to the port rim. For additional security a tightly fitting '0' ring is fitted behind the bead. As additional safeguards, fine standard latex surgical gloves are worn on the hands when using the isolator gauntlets and, for routine maintenance procedures, peccary hogskin gloves are always worn over the gauntlets to protect them from accidental damage during use. These hogskin gloves are pliable and can be autoclaved without distortion.
Air filters
The isolator is fitted With inlet and outlet air filters. These are rectangular aluminium boxes with a sealed core of expanded metal which is completely surrounded with four layers of fibreglass filter medium (FM 004) compressed to a thickness of 0.5 in (13 mm). Air enters the outer case through a tube and is sterilized by filtration on passing to the inner core. From there the sterile air is conveyed to the isolator through rubber tubing. In the outlet filter the reverse system is applied. The air from the isolator enters the inner core and, after passing through the filter medium, passes to the outside case. The resistance across the outlet filter is such that when approximately eight changes of air per hour are supplied to the isolator, a positive internal pressure of approximately 0.75 in (19 mm) water gauge is maintained.
Air supply
Air to the filters is supplied from one of two solenoid-linked heavy-duty fans (Service Electric Co. Ltd., Stanmore, Middlesex, Sekomat Type TE, 0.1 hp). The power to each fan comes from a different electrical source. The solenoid linkage ensures that in the event of circuit or fan failure the standby fan would automatically function. In the event of complete power failure or the cessation of both fans, a poppet valve, actuated by a separate solenoid, opens a low-pressure air line connected to a bank of reserve air cylinders. These cylinders contain sufficient air for the animals in the isolator for a period of about twenty-four hours. An air-pressure switch, placed in the airway from the cylinders, is linked to a battery-operated alarm bell which rings immediately the reserve air cylinders come into use ( Fig. 3 ). These air-supply arrangements are far more elaborate than those normally employed to supply air to germ-free animal isolators, but for two reasons they were considered essential. First, the mortality associated with neonatal thymectomy is considerable, and the great value of survivors demanded that every practical effort should be made to avoid mechanical failure. Secondly, the use of three linked air-supply systems provided valuable experience to guide us in the design of similar systems of isolation for human patients.
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Operating facilities
Two aluminium brackets placed across the width of the isolator support two removable metal trays. One tray has holes to hold polypropylene beakers containing dressings, sutures, saline and other surgical accessories, and smaller holes for individual surgical instruments. A stainless-steel aspiration pipette for aspirating the thymus is attached by rubber tubing to a fluid trap within the isolator. This fluid trap is linked directly to a vacuum pump. There is a bacterial filter in the vacuum line outside the isolator.
Operating procedure
Thymectomy was carried out with the animals in a state of hypothermia. This was achieved with a fibreglass-sealed water-cooled thermo-electric module (De La Rue Frigistor Ltd., Maidenhead, Berkshire). The cable carrying the current to this module was passed through the dunk tank with the tubes necessary for the water cooling. The temperature of the module inside the isolator was controlled by varying the amperage by means of a transformer outside the isolator.
The baby mice were placed on their backs and the correct operating position was obtained by extending the anaesthetized animal over a small supporting rubber pillow and holding its paws with spring clips attached to a Tufnol plate (Tufnol Ltd., Perry Barr, Birmingham).
Sterilization of the unit
Metal isolators for germ-free animals may be constructed as pressure vessels, so that they can be sterilized by steam under pressure, or they may be of lightweight material, but the latter can only be sterilized within an autoclave. The isolator described in this article was not made to stand steam under pressure, and no autoclave large enough to contain it was available at the Institute of Child Health. As prior tests carried out at Porton had shown that metal isolators could be adequately sterilized by using solutions of formaldehyde and 'Tego MHG' (Perkins, Darlow & Short, 1967) , the following method of chemical sterilization was devised. It consisted essentially of an initial washing with a solution of 1 per cent formalin (0.4 per cent formaldehyde) and 1 per cent 'Tego MHG' in distilled water-solution A-followed by boiling a small amount of a solution of 10 per cent formalin (4 per cent formaldehyde) and 1 per cent 'Tego MHG' in distilled water-solution Bwithin the sealed isolator.
Both intake and extract air filters, which were fitted at each end with rubbertubing connections, were removed from the isolator. The open end of each tube was plugged with cotton wool, and non-porous greaseproof paper was taped over their ends. A large screw-clamp was positioned on each tube between plug and filter, but at this stage it was left open. The filters were sterilized by hot air at a temperature of 150°C for two hours. After cooling, each clamp was tightened to provide an airtight seal immediately behind the filter plugs. The paper and plugs were then carefully removed, and the free ends of tubing attached to the respective airways of the isolator and secured with 'Jubilee' clips.
A beaker containing 500 ml of solution A, and another containing 100 ml of solution B, were placed in the isolator together with a piece of sterile lint. A disassembled 'Humbrol' spray (Humber Oil Co. Ltd., Marfleet, Hull, Yorkshire) for use as an atomizer was also introduced into the isolator. The transfer-port bung was placed in the isolator disassembled, and the transfer port was then sealed on its outer face with a double layer of nylon film taped in position. All pieces of apparatus within the isolator were disassembled and the gauntlets carefully attached to the glove ports. The dunk tank was then filled to the top with solution A. One hundred ml of solution A was placed in the 'Humbrol' spray, and the remaining 400 ml was used for swabbing with the sterile lint. Every exposed surface was treated, including all apparatus components and the interior of the gauntlets. Following this treatment, 100 ml of the solution was sprayed into areas where swabbing was difficult, particular attention being paid to inlet and outlet airways.
The nylon film seal was temporarily removed from the transfer port and the pre-sterilized mouse boxes, with water bottles and lids, were introduced. The boxes etc. had been sterilized by a conventional autoclaving procedure within sealed nylon film bags. Browne's tubes were placed within the mouse boxes as indicators of sterilization. The boxes were introduced through the port after aseptic removal of the outer nylon bag. At this time, the discarded lint, beaker, etc. were removed from the isolator and the port resealed with taped nylon film. Solution B was vaporized by radiant heat from a 100 watt ceramic infra-red heater, which was later used to provide local warmth for the young mice during the post-thymectomy recovery period. This heater was mounted in a joined double cone made of aluminium. The bottom cone formed the base, the top cone contained the heater and supported the metal grid on which rested the beaker containing the germicidal fluid. An electrical lead sealed into the wall of the isolator completed the electrical circuit through a jack-plug. This plug and its fitting were disconnected and, like other isolator contents, washed with germicidal solution. All the electric connections to the heater were dried with sterile lint before the current was switched on. For vaporization, the beaker contiuning the 100 ml of solution B was placed on top of the heater, which then was switched on. After the solution had been evaporated to dryness, the isolator was left for a further 24 hours. At the end of this period the isolator and contents were considered sterile and all subsequent manipulations within it were made keeping in mind this assumption.
The internal transfer-port bung was reassembled and placed and locked in position in the transfer port from inside. Both inlet and outlet airways were opened by release of the screw clamps; at the same time the air supply was switched on. A piece of tubing was used to connect the outlet-airway exhaust tube to the outside atmosphere when formaldehyde was being 'blown off'. Finally, when no formaldehyde odour was detectable in the exhaust air, the isolator was considered to be ready for the entry of germ-free animals and sterile supplies. During the venting of the isolator the level of the dunk fluid was adjusted by syphoning so that sufficient fluid was retain~d to cover 2 in (5 cm) of the immersed baffle plate.
Supplies
The food found to be most satisfactory and used routinely was Allington Farm P.R.M. cubed mouse diet (commercially prepared by Christopher HilI Ltd., The Quay, Poole, Dorset). The diet, sawdust and cellulose wadding were packed in Kilner jars (4 lb size) which, after closure, were heat-sealed in separate polyvinyl chloride bags. Cans of sterile water (Smedley Ltd., Whiteleaf, Surrey) and other articles required in the isolator, such as bacterial swabs and surgical instruments, were sealed in a similar manner. The sealed packages were placed in standard Atomic Energy Research Establishment irradiation cannisters and the lid carefully sealed with polyvinyl chloride tape. The cannisters were given a total irradiation dose of 4.0 Mrad at the Wantage Research Laboratory (A.E.R.E.), Wantage, Berkshire. After irradiation, the packages were not removed from the cylinders until they were introduced into the isolator through the dunk tank. The outer plastic bag was removed aseptically, and care was taken not to allow any trapped air bubbles to be introduced into the dunk tank. The packages remained fully submerged in the germicidal fluid for at least seven hours before being accepted into the isolator. Care was always taken to ensure the submersion was complete and the grid on the inner dunk-tank lid ensured the submersion of packages (e.g. of sawdust) that were buoyant.
Entry of germ-free mice
The germ-free mice were maintained at Allington Farm until transferred to the Institute of Child Health for experiment. Transport of the mice between Porton and London was achieved by the use of the transfer box illustrated diagrammatically in Fig. 4 . This aluminium box was cylindrical in section, but it had a flat floor. The middle of the body was constructed of expanded metal supporting four layers of filter medium (FM 004). The filter medium was compressed to 0.5 in (13 mm The transfer-box bung was first disassembled and all pieces washed in the 10 per cent formalin/,Tego MHG' solution. Small mouse-holding cages were then placed in the box, and the bung was fitted after reassembly. As an additional precalJtion against subsequent contamination, nylon film was taped over the sleeve. The transfer box and its contents were then sterilized in a steam-ejection autoclave employing four 20 in (0.51 m) vacuum cycles interrupted by steam pulses, and the final sterilizing cycle was 123°C for 30 minutes. Filtered sterile air was finally used to vent the autoclave at the end of the complete sterilizing cycle. When the box was cool the nylon film was removed, the sleeve was inserted and clamped into the transfer port of the isolator. The standard transfer procedure was then commenced.
An aspirator containing 10 per cent formalinj'Tego MHG' solution was attached to the bottom tube of the transfer port by translucent polythene tubing (Fig. 4) . The aspirator was raised with the stopcock open until the lock between the transfer box and the isolator was completely filled with germicide. Filling was completed when fluid ran out of a glass tube attached to the top transfer-port tube. Any trapped air was expelled by manipulation of the tubing connecting the aspirator to the lock. A sterilized glass-filter container packed with FM 004 medium was removed from its paper wrapping and attached to the upper fluid-filled transfer-port tube. A further amount of germicidal fluid was then run from the aspirator to wet the lower part of the filter medium and container that may have made brief contflct with the , . non-sterile external environment while being placed in position. The aspirator stopcock was closed and the lock between the transfer port of the isolator and the transfer box allowed to remain flooded for at least four hours. The lock was then drained by opening the aspirator stopcock and slowly lowering the aspirator below the level of the transfer port. The drained fluid was replaced by sterilized air entering through the filter on the top transfer-port tube. The bung in the transfer port of the isolator was removed using the gauntlets. The transfer-box bung was similarly detached and brought into the isolator together with the mouse cages. The cages were loaded with animals and returned to the transfer box. The bungs of the transfer box and isolator were then replaced with care. The transfer box was unclamped and detached. The transfer port of the isolator, with the bung in position, was then sprayed with formalin solution from outside and subsequently sealed with taped nylon film. The sleeve of the mouse transporting box was treated in a similar manner.
The mice were subsequently introduced into the operative isolator from the transfer box by the same technique as described for loading. Using this method mice have been found to be in a satisfactory condition twelve hours after original introduction into the transfer box.
A germ-free isolation system for mice has been described which provides certain specific facilities for surgery. Valuable experience has been gained in handling the equipment, and also in exercising the discipline necessary to achieve complete contamination control over periods of time. During this period neonatal thymectomy has been successfully performed in the NZBjBI and other strains of mice, the results of which will be published elsewhere. The apparatus and the procedures employed have proved satisfactory. This experience with germ-free mice will ultimately help in the understanding of some problems likely to be encountered in the care of human patients, where certain current forms of chemotherapy demand exclusion of every ubiquitious and potentially pathogenic micro-organism from the nursing environment.
